The present study aimed to evaluate whether the fat mass and obesity-associated (FTO) gene polymorphisms are associated with risk of intervertebral disc degeneration (IDD) in a largest Chinese Han population.
Background
Intervertebral disc degeneration (IDD) is a commonly seen disorder that can lead to degenerative disc diseases. It has been estimated that IDD can contribute to up to 40% of low back pain (LBP) [1] , which affects 80% of the population during their lifetime [2] and is a leading cause of disability in the working-age population [3] . IDD is a multifactorial process of changes in cellular and biochemical components of disc tissues that results in structural failure [4] . The pathological presentations can be manifested as disc space narrowing, sciatica, disc prolapse, or even spinal stenosis.
The exact etiological and pathological causes of IDD remain convoluted. Previous studies suggested that genetic predispositions were widely involved in the pathogenesis of IDD. In 1998, Videman et al. [5] and Jones et al. [6] , proposed for the first time that genetic mutations were associated with IDD. Subsequently, increasing number of genomic studies focusing on the vitamin D receptor, extracellular matrix metabolism, intervertebral disc formation, inflammatory mediators, and a disintegrin and metalloprotease with thrombospondin motifs (ADAMTS) have been conducted [5, [7] [8] [9] [10] [11] . Several studies have used the genome-wide association study (GWAS) to discover candidate genes related to IDD [12] [13] [14] . The CHST3 gene and corresponding variant rs4148941 from GWAS studies have been demonstrated to be associated with IDD [13] . Candidate-gene association studies have shown that the asporin D14 allele has a high association with IDD in Chinese and Japanese individuals [14] . These studies have confirmed that there are strong correlations between genetic predisposition and the occurrence of IDD.
The fat mass and obesity-associated (FTO) gene comprises 2 well-defined domains, an N-(residues 32-236, exons 1-5) and a C-(residues 327-498, exons 6-9) terminal domain [15] . The N-terminal domain is the catalytic domain of FTO that controls lipolytic activity [16] , energy homeostasis, and energy expenditure [17] . The FTO gene is potentially associated with the biochemical metabolism of IDD. It has been reported that the degeneration of intervertebral disc, to some extent, is determined by energy metabolism and leptin metabolism. Energy metabolism is critical to the survival of disc cells. The lack of normal energy regulation might accelerate degeneration of intervertebral disc [18] . While the FTO gene has close relations with energy metabolic balance [19] , it can be assumed that the dysfunction of the FTO gene might lead to imbalance of disc energy metabolism, further causing disc degeneration. In addition, FTO can also regulate the function of leptin and improve leptin sensitivity [20, 21] . To our knowledge, leptin can participate in disc cell proliferation and plays a role in the process of intervertebral disc degeneration [22, 23] . Therefore, FTO might modulate intervertebral disc metabolism via regulating leptin level and energy metabolic pathways.
Given the role of the FTO gene in the onset of IDD, it is worthwhile to initiate association study between single nucleotide polymorphisms (SNPs) of the FTO gene and IDD. However, there have been very few studies investigating FTO polymorphisms in IDD. To our knowledge, only 2 association studies have been reported worldwide. In 2013, Lao et al. [24] carried out a preliminary association study within 80 patients and 80 controls. Their study had a small sample size and only investigated 6 SNPs of the FTO gene. Similarly, our research team investigated associations between 44 SNPs in the FTO gene and IDD in the Han Chinese population [25] . However, the study sample size consisted of only 118 cases and 113 controls. One of the most obvious disadvantages of previous studies is that the small sample size might lead to insufficient credence supports the biological link between the gene and the disease. Therefore, we enrolled 999 participants from the Chinese Han population and conducted the largest sample size case control study to date to explore the association between polymorphisms in the FTO gene and the risk of IDD.
Material and Methods

Study population
A population-based case control investigation was performed for this study. The 1969 candidate participants were sequentially enrolled from the Department of Orthopedics and from the Center of Health Check-up of the Peking Union Medical College Hospital, Beijing, China, between October 2012 and September 2017. All enrolled individuals were screened by a questionnaire about standard risk factors and disease history.
The case group mainly consisted of orthopedic surgery candidates. The main inclusion criteria for the case groups were complaints of discogenic low back pain (LBP) and newly diagnosed IDD through lumbar disc magnetic resonance imaging (MRI) scanning. Participants who were assessed for Pfirrmann grade IV/V were enrolled in the case group [26] . If the participants were exposed to known environmental risk factors, such as heavy manual labor, heavy smoking, or occupational driving, then they were not recruited to this study. Participants with spinal and joint diseases, including trauma, spinal tumor, spine deformity, backbone infection, leg length discrepancy, and osteoarthritis, were also excluded from this study. The included participants met the criteria of being from the Chinese Han population and were aged between 18 and 85 years old. For the control group, the primary inclusion criterion was a lack of medical history of LBP or sciatica. According to the flow-chart (Figure 1) , finally, 502 patients and 497 controls population were eligible for the study.
We asked for the detailed case history and performed thorough physical examinations. All enrolled individuals were then screened by MRI, and the imaging results were interpreted by at least 2 blinded experienced radiologists [10, 11, 27] . Age and gender matched in both groups. To rule out the confounding factor of body weight in our research, body mass index (BMI) was matched between the case and control groups to guarantee there was no selection bias ( 
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2% ethylenediaminetetraacetic acid anticoagulant tubes and fully mixed to keep from clotting. DNA was extracted using the QIAGEN Whole Blood Genomic DNA Mini Kit (QIAGEN Inc., Valencia, CA, USA) according to its standard protocol. SNP genotyping was conducted on the Sequenom MassARRAY SNP genotyping platform (Sequenom Inc., San Diego, CA, USA). Five percent of the samples were randomly selected for duplicate analyses as quality controls.
Based on the information accessed from the NCBI SNP database (http://www.ncbi.nlm.nih.gov/SNP) and the HapMap database (http://www.hapmap.org), the following SNPs within the FTO gene were included: rs6499640, rs1861868, rs8047395, rs62048402, rs1477196, rs1121980, rs8050136, rs9939609, rs7204609, rs17818902, rs17820875, rs11076008, rs9932411, rs9921255, rs2302673, rs2689247, rs16952951, rs16952955, and rs2540766. The criteria for the selection of the SNPs were set in accordance with the published literature [28, 29] . All SNPs had a MAF above 5%.
Statistical analyses
Baseline demographic characteristics of the participants in the case and control groups were compared by Student's t-test and the Chi-square test using SPSS software (version 16.0, SPSS Inc., Chicago, IL, USA ObsHET -marker's observed heterozygosity; PredHET -predicted heterozygosity; MAF -minor allele frequency. Nineteen SNPs were selected in the FTO gene. The positions were shown in this Table. 5601 comparisons were evaluated and displayed by the GenotypeTissue Expression (GTEx) database (https://www.gtexportal. org). Spearman rank correlation and logistic regression analyses were used to assess the internal relation between genotypic changes in SNP and the risk of IDD. The significance levels of all these tests were set to 0.05.
Results
Hardy Weinberg equilibrium in our case control study
We analyzed 19 SNPs, in a 347-kb interval spanning the FTO gene, in 502 cases and 497 controls. Of the 19 SNPs successfully genotyped, 2 SNPs (rs2302673 and rs16952951) with P values less than 0.05 deviated from the Hardy-Weinberg equilibrium and were excluded from the subsequent analyses (Table 2) .
Allelic frequency analyses
Of the remaining SNPs, rs1121980 exhibited a significant allelic difference between the case and control groups ( Table 3 ).
The risk allele was T, with an OR of 1.306 (95% CI=1.024-1.666, P=0.0309). Differences in the allele frequencies of other SNPs were not statistically significant.
Genotypic association analyses for the risk of IDD
The CT heterozygote of rs1121980 had significantly genotypic frequency distribution between case and control groups (P=0.02682). The OR (1.395) and 95% CI (1.047-1.86) value supported the odds of the event was higher in the case group. In contrast, although the AG heterozygote of rs2689247, the AC heterozygote of rs16952955 and the AG heterozygote of rs2540766 were significantly genotypic frequency distribution between case and control groups (P=0.004062, 0.006711, 0.01667 respectively), the value of OR and 95% CI indicated that the genotypes of these SNPs do not increase the risk of IDD in case group (Table 4) .
Haplotypic analyses
We constructed the haplotype based on the genotype data of 17 SNPs in the FTO gene using Haploview software (version Table 4 . Genotypic frequency distribution of tested SNPs.
5603
4.2). The pairwise linkage disequilibrium D' values between
SNPs and the linkage disequilibrium plots were presented in Figure 2 . We identified 2 haplotype blocks with significant associations with predisposition to IDD. The first block contained rs62048402, rs1477196, rs1121980, rs8050136, rs9939609, and rs7204609, while the second block contained rs2689247, rs16952955, and rs2540766.
SNP-SNP interactions on the risk of IDD
By using UNPHASED software, the results of SNP-SNP interaction analyses showed that there were 5 SNP combinations significantly associated with IDD (1 st : rs62048402G-rs1477196G-rs1121980T, Global P value=0.015; 2 nd : rs1477196G-rs1121980T-rs8050136C, Global P value=0.039; 3 rd : rs8047395A-rs62048402G-rs1477196G-rs1121980T, Global P value=0.035; 4 th : rs62048402G-rs1477196G-rs1121980T-rs8050136C, Global P value=0.028; 5 th : rs1121980T-rs8050136C-rs9939609T-rs7204609C, Global P value=0.007) ( Table 5 ).
SNPs annotation
Through SNPnexus databases, which is a database used for SNP annotation and UCSC genome browser, we can know the basic information of certain SNP. In genotypic association analyses, the 4 SNPs (rs1121980, rs2689247, rs16952955, and rs2540766) with P-value less than 0.05 were located in the intronic region. By means of HaploReg annotation, we found the 4 intronic SNPs were associated with regulation of promoter and/or enhancer histone (data not shown). They might play biology function in this way in patients. Figure 3 shows that genotype change of rs1121980 can significantly interfere with the FTO gene expression in muscleskeletal system comparing with other tissues (single-tissue P-value=3.163e-6). Therefore, this multi-tissue eQTLs comparison of rs1121980 will provide important data that rs1121980 can interfere with the FTO gene expression. Through the GTEx database, we also found that rs1121980 and its different genotypes were significantly associated with increased expression of the FTO gene (P value=0.0000032) (Figure 4 ). The box plot in Figure 4 provided detailed evidence to demonstrate different genotypes of rs1121980 were associated with different FTO gene expressions. The other 3 SNPs (rs2689247, rs16952955, and rs2540766) had no significant eQTLs in the GTEx database. 
Multi-tissue eQTL comparisons by GTEx database
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The relation between different genotypes of SNPs and severity of IDD In order to understand the clinical significance of this SNP, we needed to figure out the internal connection between different genotypes and the severity of IDD. Since the previous data showed rs1121980 could affect the expression of the FTO gene, from the clinical perspective, we wanted to know whether the genotype changes of rs1121980 would affect the manifestations of lumbar intervertebral disc degeneration. Therefore, in order to clarify the clinical manifestations of the SNP rs1121980, 207 participants whose MRI would qualitatively record the Pfirrmann grade were enrolled in the next analysis processes (Table 6 ).
We first analyzed whether genotypic changes in rs1121980 were related to the changes in clinical phenotypes. Thus, we performed Spearman rank correlation analyses using SPSS 16.0. The results showed that the genotypes of CC/CT/TT were related to the changes of Pfirrmann grade, that is, different genotypes of CC/CT/TT can interfere with the Pfirrmann grade (P value <0.05) ( Table 7) . This was also consistent with the results of eQLT, in which genotypic was closely linked to FTO gene expression.
Second, we performed logistic regression analysis to determine if participants who carried TT, CT, and CC respectively were at progressively increasing risk for IDD. Through logistic regression analyses, we found that with the change of rs1121980 Table 7 . Spearman rank correlation analyses between rs1121980 and Pfirrmann grade.
* p-value <0.05.
Pfirrmann grade No. of patients
Grade I 5
Grade II 88
Grade III 45
Grade IV 41
Grade V 28 However, when performing the same statistical methods for rs2689247, rs16952955, and rs2540766, the results showed that these SNPs had no significant effect on the risk of IDD (data not shown).
Discussion
In this study, we investigated the association of FTO gene polymorphisms with risk of IDD in a case control study of 999 Chinese Han participants. To the best of our knowledge, the sample size in this research was the largest among similar association studies. Our results showed that SNP rs1121980 had an allelic association with IDD, and the risk allele of the same SNP was T. Furthermore, we also found 2 haplotype blocks and 5 SNP-SNP combinations that might be indicative of the onset of IDD.
At the allelic level, we found a significant association of the T allele of SNP rs1121980, which locates in the intron region of FTO. Scheid et al. created an FTO risk score based on 5 SNPs, including rs1121980, and found that the FTO risk score did not increase variance accounted for beyond individual FTO SNPs [30] . Adeyemo et al. investigated the variation of the FTO gene in West Africans and replicated the association between rs1121980 and rs7204690 among this population [31] . The selection of SNPs in their study might be attributed to the representation of tag SNPs. Some SNPs were able to represent other SNPs in the gene. In addition, the rs1121980 SNP was also associated with hip fracture in women with AA allele as the risk allele, suggesting a potential relationship between this SNP and bone metabolism [32] . Since IDD is a degenerative disease affecting the intervertebral disc and the 5607 surrounding vertebrae, the association between rs1121980 and hip fracture might serve as evidence supporting our results from a biological point of view.
The hypothesis of our SNP analysis was that if SNPs are associated with IDD, the proportions of different alleles would distribute differently in disease and normal controls. Therefore, we conducted a 2-step verification of rs1121980 and its internal relations with the risk of IDD. First, through GTEx database, we found SNP rs1121980 might interfere with the normal expression of the FTO gene in the muscle-skeletal system. Meanwhile, we also found that the rs1121980 and its different genotypes were significantly associated with increased expression of the FTO gene. Then, by using Spearman rank correlation and logistic regression analyses, it can be considered that different genotypic changes in rs1121980 might refer to different risk of IDD. Therefore, the present study demonstrated that genotypic changes of rs1121980 in its different alleles were closely related to the risk of IDD. In this sense, the T allele of rs1121980 might be a biomarker for the screening and prognosis of IDD.
SNPs rs2689247, rs16952955, and rs2540766 were reported to be related to osteoporosis phenotypes. In a previous study investigating the association of FTO with osteoporosis, the 3 SNPs showed significant association with bone mineral density (BMD) in the hip and spine [33] . Two independent experiments of osteoporotic animal models revealed that osteoporosis plays a certain role in the processes of intervertebral disc degeneration and can accelerate the degeneration of intervertebral disc at specific time [34, 35] . However, in the present case control association study, we found that the 3 SNPs could be protective factors. In other words, participants who carried these SNPs might have lower risk against IDD than others in our study cohort. Therefore, our association study showed that there was no direct relationship between rs2689247, rs16952955 and rs2540766 and the risk of IDD.
At the haplotypic level, we identified 2 haplotype blocks significantly associated with the risk of IDD. The haplotype is a set of SNPs that are closer together. Accordingly, those SNPs are more likely to be inherited together [36] . The aim of the linkage disequilibrium analysis was to identify those SNPs in IDD patients. The 2 haplotype blocks that we discovered might be indicative of the onset of IDD. The SNP-SNP interaction analysis showed that there were 5 SNP combinations significantly associated with IDD. These SNP combinations showed significant statistical differences in our study cohort. This suggested that those SNP combinations might provide clinical biomarkers for prognosing IDD and also further demonstrated that these genetic variants in the FTO gene are significantly associated with the predisposition of IDD.
Two previous studies have reported on the relationship between SNPs of the FTO gene and IDD [24, 25] . Nevertheless, this study had the following strengths, by comparing the results of other similar studies. We collected larger sample size and had more stringent inclusion and exclusion criteria to insure the power and reliability of our study. Moreover, our results added novel evidence to support the association between the FTO gene and IDD, i.e., the T allele of rs1121980 was the risk allele for IDD. However, there were also some limitations to this study. First, notwithstanding the significant SNP results in our study, functional studies focus on the exact biological mechanisms are important to corroborate, confirm and interpret the role of SNPs in IDD. Nutrient diffusion distance to the nucleus pulpous [37] , energy metabolism [18] , leptin regulation [38] , and increased risk of mechanical failure under loading [39] are the possible mechanisms accounting for the generation of IDD. Therefore, further functional studies are needed to elucidate the associations and clarify the precise mechanisms. Second, the genetic architecture and allele frequencies in Chinese people might differ from those in other ethnic populations. Therefore, more generalized studies with larger sample sizes, especially beyond the Chinese Han people, should be performed to investigate whether FTO gene polymorphisms are associated with risk of IDD in other ethnic groups.
Conclusions
The present study showed that SNPs of the FTO gene were associated with risk of IDD. The T allele of rs1121980 was the risk allele for IDD and it might become a biomarker for the screening and prognosis of IDD. The 2 haplotype blocks and 5 SNP-SNP combinations that we discovered might be indicative of the onset of IDD. Therefore, our study might serve as evidences for future IDD molecular diagnosis.
